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RELUCTANCE MOTOR WITH GEARLESS STEP-DOWN 
WITHOUT ELECTRONIC CONTROL OF ROTATING FIELD 

Background of the Invention 

Cross-reference to Related Application 
5 This application is a Continuation of Application No. 09/161,497, filed September 28, 

1998. 

Field of the Invention 

The invention relates to a reluctance motor with a stator which has a three-phase current 

stator winding for generating a rotary magnetic field and a rotor which is located on a shaft and 
: 10 which is made primarily of a ferromagnetic material. In particular, the invention relates to such 
Z a reluctance motor in which the rotor has a set number of angular regions of the same peripheral 

~ angle which adjoin one another in the peripheral direction, preferably having at least one pair of 

flux guidance regions facing the stator, with flux guidance properties which differ in the main 

direction of the rotary field. 

15 Description of Related Art 

Reluctance motors are known from the prior art (compare, for example, Lueger, Lexikon 
der Technik, vol. 14, Lexikon der Feinwerktechnik, page 315) as independently accelerating 
S3mchronous motors. The stator of a conventional reluctance motor is no different from the stator 
of a conventional synchronous or induction motor which is conventionally operated with three- 

20 phase current, as is the conventional reluctance motor. The three-phase current stator winding 
is designed on a standard basis such that the center plane of each of the coils assigned to one of 
the three phases lies on the axis of the reluctance motor. In a conventional reluctance motor, as 
in a synchronous or induction motor, windings with a pole number p greater than two and a 
number of holes q greater than 1 are allowable. 

25 Typically the three-phase current stator winding of a conventional reluctance motor is 

made with 4 poles. 
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Accordingly, the rotor of the conventional reluctance motor, in four angular regions of 
the same peripheral angle which adjoin one another in the peripheral direction, has a pair of flux 
guidance regions facing the stator with flux guidance properties which differ in the main 
direction of the rotary field. In the conventional reluctance motor, the pairs of flux guidance 

5 regions facing the stator are formed with flux guidance properties which differ in the main 
direction of the rotary field in angular regions of 90° each by the rotor in half of the angular 
regions, therefore over an angle of 45°, being countersunk. Since the main direction of the rotary 
field in a block rotor always points in the radial direction of the rotor, the countersinking in the 
rotor results in flux guidance regions with different magnetic resistances, and therefore, different 

10 flux guidance properties. 

Conventionally, the rotor of a conventional reluctance motor is made as a squirrel-cage 
rotor. Therefore, in the operation of a conventional reluctance motor, two torques take effect. 
In the acceleration range, the conventional reluctance motor develops an asynchronous torque, 
as a resuh of the widening of the air gap due to the countersinking in the rotor, the characteristics 

15 deteriorate compared to an undamaged rotor of an induction motor. At synchronous rpm, a 
= synchronous so-called reluctance or reaction torque is formed because the rotor, which turns 

synchronously with the rotary field, tries to assume a position in which the magnetic energy in 
the air gap is smallest. When the motor is loaded, the rotor would like to remain in this position, 
it must however lag by a small spacial angle (load angle). The highest torque occurs at a load 

20 angle of 907p and is called the pull-out torque. Conversely the transition from the asynchronous 
characteristic to synchronism takes place suddenly as a synchronization process. Whether this 
dynamic pulling into synchronism is possible depends on the stationary load torque and the 
moment of inertia to be accelerated. 

The existing statements indicate that a conventional reluctance motor runs with a speed 

25 of 6000/p rpm. Since, for a plurahty of appHcations, clearly lower rpms are necessary and since 
the speed of a conventional reluctance motor can be reduced only to a limited degree by 
increasing the pole number p, to reduce the rpm and/or increase the torque, mechanical gearing 
and/or electric frequency converters are regularly used. These additional components, on the one 
hand, increase the production costs of a conventional reluctance motor with low rpm, and on the 

30 other hand, adversely affect the efficiency. 
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One alternative for ensuring low synchronous rpm is represented by the subsynchronous 
reluctance motor which is, likewise, known from the prior art (compare, for example, Lueger, 
Lexikon der Technik, vol. 14, Lexikon der Feinwerktechnik, page 315). This subsynchronous 
reluctance motor is operated single-phase and on its stator in a number of angular regions of the 
5 same peripheral angle which adjoin one another in the peripheral direction, a number which 
corresponds to the number of angular regions on the rotor, has one pair of flux guidance regions 
facing the rotor with flux guidance properties which differ in the main direction of the rotary 
field. For the subsynchronous reluctance motor, the flux guidance regions of different flux 
guidance properties are produced by the countersinking in the stator. As already mentioned, in 

1 0 the subsynchronous reluctance motor, the number of angular regions in the rotor corresponds to 
the number of angular regions in the stator. The number of angular regions pgL can be chosen 
independently of the pole number of the stator winding. The rpm of the subsynchronous 
reluctance motor is 3000/pgL rpm. 

The subsynchronous reluctance motor can be used only to a very limited degree, since 

15 it must be started to the synchronous rpm and then develops only a synchronous torque which 
pulsates with twice the main frequency from zero to a maximum. Accordingly, the pull-in torque 
of the subsynchronous reluctance motor is very small. 

In addition to the conventional reluctance motor and the subsynchronous reluctance 
motor, the electronically switched reluctance motor is known from the prior art (compare, for 

20 example. Encyclopaedia Britannica CD 97, "Energy Conversion", "Reluctance Motors"). This 
electronically switched reluctance motor works, as the name says, with an electronically switched 
direct current. The electronically switched direct current magnetizes, at the same, time, two coil 
windings on the flux guidance areas which are opposite one another in the stator with low 
magnetic resistance, therefore ferromagnetic poles. The center planes of the two coil windings 

25 therefore run tangentially to the block rotor. The numbers of angular regions in the rotor and 
stator are different in an electronically switched reluctance motor in order to generate a torque 
which engages the rotor when the direct current is switched from one coil pair to another coil 
pair. Since the direct current of this type of reluctance motor is electronically switched, 
theoretically all rpm can be effected for the rotor; of course, here, an electronic control unit is 

3 0 necessary for this purpose. However, such is problematic in the electronically known reluctance 
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motors that only relatively low torques can be transmitted so that additional gearing is necessary 
to achieve the desired drive torques. In addition, in these motors in the lower rpm range, a rpm 
fluctuation frequently occurs which is caused by torque fluctuations and which must be corrected 
by an expensive electronic control. 

Summary of the Invention 

Proceeding from the aforementioned prior art, the object of the invention is to make 
available a reluctance motor which is improved especially with reference to the possibilities of 
step-down and dynamic pull-in. 

In particular, it is an object of the present invention to obtain a reluctance motor which 
is able to step down the rpm of the rotor without the use of gears or electronic control of the 
rotating field to do so. 

According to the first teaching of the invention, the indicated objects are achieved by the 
stator, in a stipulated number of angular regions of the same peripheral angle which adjoin one 
another in the peripheral direction, preferably, having at least one pair of flux guidance regions 
facing the rotor with flux guidance properties which differ in the main direction of the rotary 
field, and by the number of angular regions on the stator differing from the number of angular 
regions on the rotor by an integral multiple of the pole number, preferably the simple pole 
number, of the three phase current stator winding. 

The configuration of the reluctance motor according to a first aspect of the invention 
ensures stepping down of the rpm of the rotor as compared to the rpm of the rotating field with 
a simultaneous increase of the nominal torque of the reluctance motor. The synchronous rpm of 
the reluctance motor configured according to the first aspect of the invention is found as follows: 

n^ = f 120([w2-Wi]/[p wj) 

where 

n^ = synchronous speed in rpm 

f = fi-equency of the three-phase current 

w, = number of angular regions on the stator 

Wj = number of angular regions on the rotor 

p = number of poles of the three-phase current stator winding 
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The reluctance motor according to this first aspect of the invention easily enables 
reduction ratios in the range of 1 :20 and more, when the torque increases, for example, by a 
factor of 3 to 5. The reluctance motor according to this first aspect of the invention, therefore, 
has the properties of a geared motor without gearing being necessary. It allows transmission of 
large torques with a small structural size, operates with high efficiency, and can be produced with 
low production engineering cost. The reluctance motor according to the first teaching of the 
invention has good synchronism properties, and at rest, has a high holding torque when direct 
current magnetizes the stator winding. 

With the reluctance motor according to the first aspect of the invention, as already 
mentioned, as compared to conventional electric motors, very high torques can be achieved, the 
motor weight being comparatively small. These high torques are possible by the motor having 
arrangements with a total of three different "pole numbers", a large number of the existing 
magnet poles at the same time being magnetically engaged to the magnetic flux guide. Thus, in 
many cases, a gear reducer can be eliminated since the motors also deliver very high torques even 
in the range of low rpm. Other important advantages of the reluctance motors according to the 
first aspect of the invention arise by their having, in comparison with conventional motors, very 
good smooth running properties in low rpm ranges, and no slippage, regardless of the load and 
voltage fluctuations. The reluctance motor according to the first teaching of the invention can 
be operated on the grid and by means of commercial frequency converters (even without return). 
The motor current changes only httle when the motor is loaded or blocked so that the motor 
cannot be destroyed either in case of overload or in the blocked case. 

If the flux guidance regions of different flux guidance properties are formed alternately 
by air and the ferromagnetic material of the stators and/or rotors, i.e. the flux guidance regions 
of low magnetic resistance consist of "teeth" of the ferromagnetic material of the stator and/or 
rotors and the flux guidance regions with high magnetic resistance consist of air gaps between 
the "teeth" of the stators and/or rotors, both production engineering costs and also the costs for 
production of flux guidance regions of different flux guidance properties are very low. 
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A further reduction of production engineering costs is ensured by the fact that, for the 
case in which the flux guidance regions of low magnetic resistance are formed from the 
ferromagnetic material of the stator, the number of angular regions of the stator corresponds to 
the number of slots of the three-phase current stator winding. In this case, the flux guidance 
regions of low magnetic resistance can be formed directly as an elongation of the flux guidance 
regions of low magnetic resistance which are present between the slots anyway. 

In practice, it has been shown that the reluctance motor according to the first aspect of 
the invention has especially good properties with respect to the rated torque and synchronizing 
properties, if the three-phase current stator winding is made with 2 or 4 poles. 

Furthermore, it has been found in practice that the properties of the reluctance motor 
according to the first aspect of the invention are improved with respect to the rated torque and 
synchronizing properties for the case in which the number of angular regions on the stator and 
rotor is clearly greater, preferably by a factor of at least 5, than the pole number of the three- 
phase current stator winding. 

To increase the rated torque, it is fiirthermore advantageous if the widths of the flux 
guidance regions with different flux guidance properties on the component with the highest 
number of angular regions essentially agree, and at the same time, the widths of the flux guidance 
regions formed by ferromagnetic material on the remaining components corresponds to the 
widths on the component with the largest number of angular regions. 

If the stator and rotor each have at least one other layer of the flux guidance region pairs 
with flux guidance properties which differ alternately in the main direction of the rotary field and 
the layers of the stators and rotors follow one another in ahemation, a clear increase of the rated 
torque of the reluctance motor according to the first aspect of the invention is ensured. This can 
be easily substantiated by the fact that the magnetic forces for the described configuration of the 
reluctance motor according to the first aspect of the invention are applied to twice the number 
of flux guidance elements with low magnetic resistance. 

An optimum ratio between the rated torque and material cost for the flux guidance 
regions is obtained when, on the one hand, it is ensured that the flux guidance regions of one 
layer of the stator or rotor, which are made of a ferromagnetic material and which lie between 
two other layers of the stator or rotor, are roughly as high as wide in the main direction of the 



-7- 



DocketNo. 1135-9 



rotary field, and/or on the other hand, it is ensured that the flux guidance regions of the stator or 
rotor which are located in the immediate vicinity of the return elements of the stators or rotors 
and which are made of ferromagnetic material are roughly half as high as wide in the main 
direction of the rotary field. 

Since the forces which tend to keep the magnetic energy low in the air gap of the 
reluctance motor are applied to the flux guidance regions of low magnetic resistance of the rotor, 
for the same size, it is advantageous to form the rotor as an external rotor since, in this case, the 
attacking forces apply a higher torque as a result of the better lever ratio. 

As alternative to the configuration of the flux guidance regions of different flux guidance 
properties by air and ferromagnetic material, it is possible to form the flux guidance regions of 
different flux guidance properties by permanent magnets which are located either on the stator 
or rotor and which are polarized oppositely in the main direction of the rotary field. This 
configuration of the flux guidance regions, for otherwise the same geometrical design, increases 
the rated-load torque of the reluctance motor according to the first aspect of the invention, but 
at the same time causes higher production costs. 

A reluctance motor according to the first aspect of the invention in which the flux 
guidance regions of different flux guidance properties are formed either on the stator or on the 
rotor by permanent magnets which are polarized oppositely in the main direction of the rotary 
field, with respect to its rated-load torque and its synchronizing properties, behaves optimally 
when the difference of the number of angular regions on the stator and rotor corresponds to an 
integral multiple of the number of pole pairs, preferably, the simple pole pair number, of the 
three-phase current stator winding. In practice, this means that a four-pole reluctance motor 
according to the first aspect of the invention in which there are permanent magnets on the stator 
or rotor behaves optimally when the difference of the number of angular regions on the stator and 
rotor is two. With this difference, a 4-pole reluctance motor according to the first aspect of the 
invention, in which the flux guidance regions of different flux guidance properties on the stator 
and rotor are formed by air and ferromagnetic material, is not serviceable. 

A reluctance motor according to the first aspect of the invention in which the flux 
guidance regions of different flux guidance properties are formed by permanent magnets which 
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are located either on the stator or on the rotor and which are poled oppositely in the main 
direction of the rotary field behaves differently also with respect to the optimum ratio of rated- 
load torque and material cost. An optimum ratio between the rated-load torque and material cost 
is ensured in a reluctance motor configured in this way by the ferromagnetic flux guidance 
5 regions which are located in the immediate vicinity of the return elements of the stators or rotors, 
which are assigned the flux guidance regions being formed by permanent magnets on the rotor 
or stator which are polarized oppositely in the main direction of the rotary field being roughly 

~=i as high as wide in the main direction of the rotary field. 

The reduction ratios which can be achieved with the single-stage gear reduction described 

"40 so far are, in fact, upwardly limited by the fact that the optionally large numbers of angular 

V regions on the stators and rotors, on the one hand, cannot be easily accomplished, and on the 

-= other, become problematic with respect to the size of the rated-load torque. Higher reduction 

ratios are accordingly made available according to another arrangement of the first aspect of the 
invention by a reduction rotor floating on the shaft being located between the stator and rotor, 

"i 5 by the reduction rotor on its surface facing the stator in a preset number of angular regions of the 
Q same peripheral angle which adjoin one another in the peripheral direction, each having 

preferably a pair of flux guidance regions with flux guidance properties which differ in the main 
direction of the rotary field, by the reduction rotor on its surface facing the rotor in a stipulated 
number of angular regions of the same peripheral angle which adjoin one another in the 

20 peripheral direction, each having preferably a pair of flux guidance regions with flux guidance 
properties which differ in the main direction of the rotary field, and by the difference of the 
number of angular regions on the stator and the number of angular regions on the surface of the 
reduction rotor facing the stator corresponding to the difference of the number of angular regions 
on the surface of the reduction rotor facing the rotor and the number of angular regions on the 

25 rotor and to an integral multiple of the pole number, preferably the simple pole number, of the 
three-phase current stator winding. The reduction rotor configured as above ensiires that, in spite 
of high fi-equencies of the stator current, the reluctance motor turns very slowly and uniformly. 
The described configuration furthermore ensures that the rotor joined to the shaft has a very low 
effective moment of inertia. 
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According to a second aspect of the invention, the above obj ects are achieved by the rotor 
encompassing the flux guidance regions and the connecting elements for connection to the shaft 
and by there being a flux guidance rotor which floats on the shaft and which consists of 
ferromagnetic material for return of the lines of force of the rotary field. This second aspect of 
5 the invention can be accomplished alternatively or cumulatively, i.e., separately or in 
conjunction, with the first aspect of the invention. 

The moment of inertia of the rotor can be significantly reduced by the separation of the 
functions of accommodating the torque and return of the lines of force which is provided 
-[i according to the second aspect of the invention. Thus, the dynamic pulling of the reluctance 

10 motor into synchronism is facilitated. In steady-state operation, the flux guidance rotor then 
assumes a speed in the vicinity of the synchronous rpm of the rotor so that eddy-current losses 
are reduced. 

Since, in particular rotors made as internal rotors have a high moment of inertia, the 
second aspect of the invention is advantageously arranged such that the internal rotor is made as 
4-5 a hollow cylinder and that, within the internal rotor, there is a ferromagnetic material flux 
- r guidance rotor made as a solid cylinder and supported to float on the motor shaft, 

w An improvement in the asynchronous starting of a reluctance motor according to the 

invention is ensured by the bars of a squirrel-cage damper winding running in recesses in the 
ferromagnetic material to form the rotor flux guidance regions of air. This measure yields a 
20 similar arrangement as is known for conventional squirrel-cage rotors of induction motors. 

To reduce eddy-current losses, the flux guidance regions made of ferromagnetic material 
are advantageously built up from electric steel sheets which are insulated from one another. 

A positive effect on the operating and noise behavior of the reluctance motor in 
accordance with the invention is ensured by the flux guidance regions in the stator and/or in the 
25 rotor running being inclined in the direction of rotation. A more uniform behavior of the rated 
torque is guaranteed by this inclination of the flux guidance regions. 

Especially for the case in which the reluctance motor of the invention is to have a short 
structural length, is it advantageous if the stator and rotor include a radial air gap, the reluctance 
motor is therefore made as a disk-type rotor. 
30 Finally, another advantageous configuration of the reluctance motor in accordance with 

the invention is achieved by the provision of a transducer or a resolver on the shaft. Using this 
transducer or resolver, a control unit controls a frequency converter such that loss of synchronism 
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of the reluctance motor of the invention is prevented under load so that, as a result, for the 
reluctance motor of the invention, a characteristic similar to that of a dc motor results. 

In particular, there is now a plurality of possibilities for configuring and developing the 
reluctance motor as of the invention. 
5 These and further obj ects, features and advantages of the present invention will become 

apparent from the following description when taken in connection with the accompanying 
drawings which, for purposes of illustration only, show several embodiments in accordance with 
the present invention. 



-.V Brief Description of the Drawings 

-1-0 Figs, la) & lb) show a first embodiment of a reluctance motor according to the first 

aspect of the invention in a section taken transversely to the shaft axis and a section along the 
J shaft axis, respectively; 

Figs. 2a) & 2b) show a second embodiment of a reluctance motor according to the first 
aspect of the invention in a section transversely to the shaft axis and a section along the shaft 
35 axis, respectively; 

Figs. 3a) & 3b) are views similar to those of Figs, la), 2a), and lb), 2b) respectively, but 
showing a third embodiment of a reluctance motor according to the first aspect of the invention; 

Figs. 4a) & 4b) show a fourth embodiment of a reluctance motor according to the first 
aspect of the invention in a section transversely to the shaft axis and a section along the shaft 
20 axis, receptively; 

Figs. 5a) & 5b) show a fifth embodiment of a reluctance motor according to the first 
aspect of the invention in a section transversely to the shaft axis and a section along the shaft 
axis, respectively; 

Figs. 6a) & 6b) are views similar to those of Figs. 4a), 5a), and 4b), 5b) respectively, but 
25 showing a sixth embodiment of a reluctance motor according to the first aspect of the invention 
in a section transversely to the shaft axis and a section along the shaft axis; 

Figs. 7a) & 7b) show a first embodiment of a reluctance motor according to the second 
aspect of the invention in a section transversely to the shaft axis and a section along the shaft 
axis, respectively; 
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Fig. 8 shows a first embodiment of a rotor of a reluctance motor according to the first 
aspect of the invention in a section transversely to the shaft axis; 

Fig. 9 shows enlarged a section of a flux guidance region of a reluctance motor according 
to the invention; 

5 Fig. 1 0 shows an embodiment of a rotor of a reluctance motor according to the first aspect 

of the invention in a perspective view; 

Figs. 1 1 a) & 1 lb) show a seventh embodiment of a reluctance motor according to the first 
aspect of the invention in a section transversely to the shaft axis and a section along the shaft 
axis, respectively; 

i 0 Figs. 1 2a) & 1 2b) show an eighth embodiment of a reluctance motor according to the first 

aspect of the invention in a section transversely to the shaft axis and a section along the shaft 
axis. 

■ Detailed Description of the Invention 

_=:. Figs, la) & lb) show a first embodiment of a reluctance motor in accordance with the 

15 above-described first aspect of the invention. The first embodiment shown has a stator 1 , which 
has a three-phase current stator winding for generating a rotary magnetic field, and a rotor 3 
which is located on a shaft 2 and which is made of a ferromagnetic material. The three-phase 
current stator winding of stator 1 is a 4-pole winding with two holes so that there are twenty-four 
slots 4 in the stator for holding the three-phase current stator winding which are partially closed 

20 by circumferential projections 4a and 4b. Accordingly, Fig. la) shows the individual coil 
windings 5 of a three-phase current stator winding in cross section. Fig. lb) conversely shows, 
in section, only winding overhangs 6 of the three-phase current stator winding. 

Fig. lb) shows shaft 2 connected to stator 1 so that they rotate as a unit together, theshaft 
2 being pivotally mounted in housing 7 via bearings 8. 

25 The version of rotor 3 shown in Fig. 1 a) corresponds in principle, except for the number 

of angular regions 9, to the rotors of conventional reluctance motors which are known from the 
prior art. Rotor 3 has twenty-eight angular regions 9 of the same peripheral angle which adjoin 
one another in the circumferential direction and which define a pair of flux guidance regions 10, 
1 1 that face the stator 1 and have flux guidance properties which differ in the principal direction 

30 of the rotary field. It should be pointed out here that it is advantageous in a reluctance motor 
according to the first aspect of the invention if the ferromagnetic material of rotor 3 is as 
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magnetically weak as possible, i.e., has a coercive field strength as low as possible, since flux 
guidance regions 10, in contrast to the flux guidance regions of conventional reluctance motors, 
are regularly plugged. A high coercive field strength would lead to high eddy-current losses in 
rotor 3. 

According to the first aspect of the invention, stator 1 is provided with twenty four- 
angular regions 1 2 of the same peripheral angles which adjoin one another in the circumferential 
direction, hke rotor 3, each of which is formed with a pair of flux guidance regions 13,14 that 
face rotor 3 and have flux guidance properties which differ in the principal direction of the rotary 
field. 

Flux guidance regions 10, 11 on rotor 3 extend, like flux guidance regions 13, 14 on 
stator 1, as illustrated in Fig. lb), over the entire axial length of stator 1 and rotor 3. 

Theoretically, it is also possible for flux guidance regions 12, 13 on stator 1 and/or flux 
guidance regions 10, 1 1 on rotor 3 to not extend over the entire axial length of stator 1 and rotor 
3. It is also theoretically conceivable some of the angular regions 9 of rotor 3 or angular regions 
12 of stator 1 not to have pairs of flux guidance regions with flux guidance properties which 
differ in the main direction of the rotary field. However, these theoretically possible changes, 
relative to the first embodiment of a reluctance motor according to the first embodiment of the 
invention showed in Figs, la) & lb), lead only to a deterioration of function. 

In the first embodiment of a reluctance motor according to the first embodiment of the 
invention showed in Figs. 1 a) & lb), flux guidance regions 10, 13 of low magnetic resistance are 
made of punched ferromagnetic material of stator 1 and rotor 3. Ahematively, it is, likewise, 
conceivable, for the flux guidance regions 13 of low magnetic resistance of stator 1 to be 
cemented in. This cementing also enables refitting of existing stators for use in conjunction with 
a reluctance motor according to the first aspect of the invention. Punching of flux guidance 
regions 13 with low magnetic resistance of the ferromagnetic material of the stator in the first 
embodiment shown in Figs, la) & lb) is especially practicable since the number of angular 
regions 12 of stator 1 corresponds to the number of slots 4 of the three-phase current stator 
winding. 

In the first embodiment shown in Figure 1, both the number of angular regions 9, 12 on 
stators 1 and rotors 3 is clearly greater than the pole number of the three-phase current stator 
winding, and the widths of flux guidance regions 10, 11 on rotor 3 as the component with the 
largest number of angular regions 9 essentially agree and the widths of the flux guidance regions 
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formed by ferromagnetic material on stator 1 as the remaining component correspond to the 
widths on rotor 3 as the component with the largest number of angular regions 9. To this extent, 
the first embodiment optimized with respect to the rated-load torque and synchronizing 
properties. The latter described advantageous embodiments of a reluctance motor according to 
5 the first teaching of the invention are only incompletely satisfied or not at all by the second 
embodiment of a reluctance motor shown in Figs. 2a) & 2b). Nevertheless the second 
embodiment shown in Figs. 2a) & 2b) is easily serviceable. 

In 2a) & 2b), and in the following figures, all components which correspond to those of 
the first embodiment are labeled with the same reference numbers as in Figs, la) & lb). 

10 The three-phase current stator winding is made as a 2-pole winding with four holes in the 

second embodiment shown in Figs. 2a) & 2b). As can be easily recognized, the number of 
angular regions 9 on rotor 3 is equal to eight, while the number of angular regions 12 on stator 
1 is equal to 6. Thus, for the second embodiment, the reduction ratio is 1 :4. Conversely the 
reduction ratio in the first embodiment is 1:14. 

15 The second embodiment of a reluctance motor according to the first teaching of the 

invention shown in Figs. 2a) & 2b) is especially suitable for refitting existing motors, since flux 
guidance regions 13 of ferromagnetic material, as a result of their size, can be especially easily 
cemented into an existing stator 1 . 

Since, both in the first and second embodiment, the number of angular regions 9 on rotor 

20 3 is greater than the number of angular regions 12 on stator 1 , in both cases, rotor 3 turns in the 
direction of the rotary magnetic field. For the reverse case, therefore, the number of angular 
regions 9 on rotor 3 is less than the number of angular regions 12 on stator 1 as, for example, in 
the third embodiment shown in Figs. 3a & 3b), rotor 3 turns against the direction of the rotary 
magnetic field. 

25 The three-phase current stator winding of the third embodiment, shown in Figs. 3a) & 

3b), corresponds to the three-phase current stator winding of the first embodiment shown in Figs, 
la) & lb). As is easily apparent, rotor 3 of the third embodiment has twenty angular regions 9, 
while stator 1 of the third embodiment has twenty-four angular regions 12. Thus the reduction 
ratio is 1:10, rotor 3 turning against the direction of the rotary magnetic field. 

30 In addition, in the third embodiment shown in Figs. 3a) & 3b), stator 1 and rotor 3 each 

have a second layer 15, 16 of flux guidance region pairs with flux guidance properties which 
differ alternately in the main direction of the rotary field, the layers following one another 
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alternately in succession. In the third embodiment, therefore, in each angular region 12, 19 of 
stator 1 and rotor 3 there are two pairs of flux guidance regions with flux guidance properties 
which differ in the main direction of the rotary field on different radii. Thus, since the forces 
which are applied to flux guidance regions 10 of rotor 3 of ferromagnetic material by the 
magnetic field attenuated as a result of the additional air gap are apphed almost twice, the rated- 
load torque of the reluctance motor according to the first aspect of the invention is clearly 
increased by the described measure. 

One manner of attachment of layer 1 5 of stator 1 to housing 7 is shown in Fig. 3b). Fig. 
3b) likewise shows a manner of attachment of layer 16 of rotor 3 on shaft 2. In Fig.3b), it is, 
finally, also apparent that layers 15,16 extend over the entire axial length of stator 1 and rotor 
3. 

Following the practical findings on the optimum ratio of the torque obtained to the 
material cost, flux guidance regions 10,13 which are made of ferromagnetic material and which 
are located between two other layers of stator 1 or rotor 3 are almost as high as wide in the main 
direction of the rotary field. Here, flux guidance regions 1 0, 1 1, 13, 14 located directly on stator 
1 or rotor 3 are likewise called layers. For these flux guidance regions 13, 10 of stator 1 and 
rotor 3 which are located in the immediate vicinity of the return elements of stator 1 or rotor 3 
and which likewise are made of ferromagnetic material, in the third embodiment, it holds that 
they are roughly half as high as wide in the main direction of the rotary field. For this ratio, it 
apphes to flux guidance regions 13, 10 which are located in the immediate vicinity of the return 
elements of stator 1 or rotor 3 that the ratio of the rated-load torque to material cost is optimized. 

From the aforementioned fact that magnetic forces are applied to the flux guidance 
regions of ferromagnetic material, it follows that, to maximize the rated torque, it is a good idea 
to form the rotor as an external rotor. A fourth embodiment of a reluctance motor according to 
the first aspect of the invention, in which rotor 3 is made as an external rotor, is shown in Figs. 
4a & 4b). 

In the fourth embodiment, stator 1 consists of a known internal stator with a 4-pole three- 
phase current stator winding with two holes q = 2, there being flux guidance regions 1 3 made of 
ferromagnetic material between slots 4. In addition, the stator 1 has two additional layers 15,17 
of flux guidance region pairs. In the fourth embodiment rotor 3 consists oftwo layers 16, 18 of 
flux guidance region pairs. In this fourth embodiment, therefore, rotor 3 has no return elements 
for the rotary magnetic field. The return elements are formed only by stator 1 . Accordingly, the 
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moment of inertia of rotor 3 is reduced; this facilitates dynamic pulling into synchronism of the 
reluctance motor according to the first aspect of the invention. 

The reduction ratio of the fourth embodiment of a reluctance motor according to the first 
aspect of the invention is 1:14, and thus, agrees with the transmission ratio of the first 
5 embodiment. This results fi-om the likewise coinciding numbers of angular regions 1 2, 9 in stator 
1 and rotor 3 . 

Fig. 4b) shows how one possible manner of attachment of rotor 3 on shaft 2 can look. 
Shaft 2, here, is pivotally mounted opposite stator via additional bearings 19, 20. 

In the fifth embodiment of a reluctance motor according to the first aspect of the 

10 invention shown in Figs. 5a) & 5b), flux guidance regions 13, 14 of different flux guidance 

- properties on stator 1 , in contrast to the embodiments described so far, is made of permanent 

magnets that are oppositely polarized in the main direction of the rotary field. The opposite 
polarization of the permanent magnets is shown in Figure 5 a) by different crosshatching and 
arrows which indicate the direction of the lines of force and which run in the opposite directions. 

1 5 For a reluctance motor made in this way, it now holds that optimum operation is ensured 

when the difference of the number of angular regions 12, 9 in stator 1 and rotor 3 corresponds 
to an integral multiple of the number of pole pairs, preferably the simple pole pair number, of the 
three-phase current stator winding. In the fifth embodiment shown, stator 1 is formed of a 4-pole 
three-phase current stator winding with three holes. The number of angular regions 12 on stator 

20 1 is now nine, while the number of angular regions 9 on rotor 3 is a total of eleven. The fifth 
embodiment shown in Figs. 5 a) & 5b), therefore, with reference to the difference between the 
number of angular regions 12, 9 on stator 1 and rotor 3, is an optimum example, since the 
difference corresponds to the simple pole pair number, here two. The reduction ratio of the fifth 
embodiment is 1:11 and follows from the formula set forth in the Summary portion of this 

25 specification. 

Fig. 5a) clearly shows that flux guidance regions 10 which are located in the immediate 
vicinity of the return elements of rotor 3 and which are made of ferromagnetic material are 
roughly as high as wide in the main direction of the rotary field. It has been found in practice 
that this height/width ratio for flux guidance regions which made of ferromagnetic material and 

30 which are opposite flxix guidance regions made of permanent magnetic material represents the 
optimum ratio of the rated-load torque and material cost. 
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The fonnation of the flux guidance regions from permanent magnets which is done in the 
fifth embodiment is advantageous in that, with the same stator periphery, it ensures a higher 
rated-load torque, and at the same time, relatively easy retrofitting of a stator of a conventional 
synchronous or induction motor is possible. 
5 Fig. 6 of the drawings show a sixth embodiment of a reluctance motor according to the 

first aspect of the invention in which there is reduction rotor 2 1 floating on shaft 2 between stator 
1 and rotor 3 . In this embodiment, rotor 3 has twenty eight angular regions 9, stator 1 has twenty 
four angular regions 1 2, the surface of reduction rotor 2 1 facing stator 1 has twenty eight angular 
regions 22, and the surface facing rotor 3 has thirty two angular regions 23 . Thus, the difference 
10 between the number of angular regions 12 on stator 1 and the number of angular regions 22 on 
the surface of reduction rotor 21 facing stator 1 agrees with the difference of the number of 
angular regions 23 on the surface of reduction rotor 2 1 facing rotor 3 and the number of angular 
regions 9 on rotor 3 and the pole number of the three-phase current stator winding. 

Fig. 6b) shows one possible version of the floating of reduction rotor 21 on shaft 2 via 
-1 5 additional bearings 24, 25 . An arrangement of two reduction rotors for extremely high reduction 
ratios is also feasible. 

Fig. 7a) & 7b) show an embodiment of areluctance motor according to the second aspect 
of the invention and in which the first aspect of the invention is accomplished at the same time. 
According to the second aspect of the invention, rotor 3 of this embodiment is made as an 

20 internal rotor having flux guidance regions 10, 11 and, a cylinder jacket 26 as a connecting 
element for coimection to shaft 2. At the same time, according to the second aspect of the 
invention, on shaft 2 there are flux guidance rotor 27 of ferromagnetic material for return of the 
lines offeree of the rotary magnetic field. Flux guidance rotor 27 is accordingly made as a soUd 
cylinder. One possibility for connection of rotor 3, made as a hollow cylinder, for rotation with 

25 the shaft 2 and for floating bearing of flux guidance rotor 27 on shaft 2 is apparent from Fig. 7 
b). In this case, flux guidance rotor 27 is supported on shaft 2 via additional bearings 28, 29. 

The remaining configuration of the embodiment of the reluctance motor shown in 
Figs. 7a) & 7b) according to the second aspect of the invention corresponds with respect to the 
three-phase current stator winding and the number of angular regions 12, 9 on stator 1 and rotor 

30 3 to the first embodiment shown in Figs, la) & lb). Accordingly, the reduction ratio also 
coincides. The difference between the embodiment shown in Figs. 7a & 7b) according to the 
second aspect of the invention and the first embodiment shown in Figs, la & lb) according to 
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the first aspect of the invention thus lies solely in the reduced moment of inertia of rotor 3 which 
improves the dsmamic falling of rotor 3 into synchronism. 

The section, which is shown in Fig. 8, through one embodiment of rotor 3, transversely 
to the longitudinal axis of shaft 2, shows bars 30 of a squirrel-cage damper winding located here 
5 on rotor 3 in its upper half in the recesses in the ferromagnetic material for formation of flux 
guidance regions 1 1 of rotor 3 which as regions of low magnetic permeabihty. In the lower half 
of Fig. 8, conversely, a short circuiting ring 31 is shown which is conventionally located on the 
axial ends of rotor 3 and which short circuits bars 30 of the squirrel cage damper winding. Since 
=; bars 30 of the squirrel-cage damper winding have a much higher magnetic resistance than the 

- 10 ferromagnetic flux guidance regions 10, the function of a reluctance motor of the invention is 
--iJ only insignificantly impaired in synchronous running by the depicted arrangement of a squirrel 

"I i cage damper winding. 

"^'^ Fig. 9 shows, detached from a specific embodiment, a flux guidance region 10, 13 made 

;j of ferromagnetic material and which is built up from electric steel sheets 32 that are electrically 

.1 5 insulated relative one another. To reduce eddy-current losses, the contact planes of electric steel 

sheets 22 lie in the main direction of the rotary magnetic field. 
J An embodiment of rotor 3, in which flux guidance regions 10, 1 1 run inclined in the 

direction of rotation, is shown in Figure 10. 

Figs. 1 1 a) & 1 lb) show a seventh embodiment of a reluctance motor according to the first 
20 aspect of the invention in which stator 1 and rotor 3 include a radially extending air gap. This 
embodiment is, therefore, a so-called disk-type rotor. 

In the disk-type rotor shown in Figs. 1 1 a) & 1 lb), the three-phase current stator winding 
has 4 poles with two holes, as is apparent from the upper half of Figure 11a). It is furthermore 
apparent from this upper half that the number of angular regions 12 on stator 1 is twenty-four. 
25 Additionally, it is apparent from the partial view of rotor 3 shown in the lower half of Fig. 1 la) 
that the number of angular regions 9 on rotor 3 is twenty. Accordingly the reduction ratio of the 
seventh embodiment shown in Figs. 1 1 a) & 1 lb) is 1:10. 

Fig. 1 lb) shows that, in the seventh embodiment of a reluctance motor according to the 
first aspect of the invention, rotor 3 is formed of a total of four layers 16, 18, 33, 34. 
3 0 Accordingly, the stator 1 , without counting the three-phase current stator winding, has four layers 
1 5, 17, 35, 36. The number of layers and arrangement of the seventh embodiment is comparable 
to the fourth embodiment shown in Figs. 4a) & 4b) except for the symmetrical doubling. 
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The eighth embodiment of a reluctance motor according to the first aspect of the 
invention shown in Figs. 12a) & 12b) corresponds in its structure, first of all, entirely to the third 
embodiment shown in Figs. 3a) & 3b). The sole difference between these two embodiments 
being the addition of a transducer or resolver 37 between shaft 2 and housing 7 in the eighth 
embodiment as compared to the third embodiment. The transducer or resolver 37 enables 
determination of the loading of the reluctance motor from the phase shift between the rotor and 
rotary magnetic field. From the known load on the reluctance motor, then a control unit (not 
shown) determines the necessary frequency change of the rotary field which is ensured via a 
frequency converter (which is also not shown). With suitable activation, thus, a characteristic 
of the reluctance motor according to the first aspect of the invention resuhs which corresponds 
to a dc motor. 

From the foregoing it should now be apparent how the present invention enables a 
reluctance motor to obtain that achieves a gearless step-down without electronic control of 
rotating field, producing a reluctance motor in which stepping down of the rpm of the rotor is 
obtained with the high torque, low slippage properties of a geared motor but without gearing 
being necessary. Furthermore, it has also been shown how, alternately or in conjunction with 
the preceding aspect, the invention also enables a reluctance motor to be achieved which has the 
properties of a dc reluctance motor that is electronically switched to obtain changes in rpm 
without having to use an electronic contiol unit to electronically conti-ol the rotating field to do 
so without rpm fluctuations and without suffering from the relatively low torques associated with 
such motors. 
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I Claim : 

1 . Reluctance motor with a stator comprising a three-phase current stator winding with 
a number of poles for generating a rotary magnetic field and a rotor which is located on a shaft 
and is made primarily of a ferromagnetic material, the rotor having a predetermined number of 
angular regions of a like peripheral angular extent which adjoin one another in a circumferential 
direction of the rotor; wherein the slots of the three-phase current stator windings are partially 
closed; wherein the stator has a preset number of angular regions of the same peripheral angular 
extent which adjoin one another in a circumferential direction of the stator; wherein each of the 
predetermined number of angular regions of the rotor has at least one pair of flux guidance 
regions facing the stator, the flux guidance regions having flux guidance properties which differ 
in a main direction of the rotary magnetic field; wherein each of the preset number of angular 
regions of the stator has at least one pair of flux guidance regions facing the rotor which have 
flux guidance properties which differ in the main direction of the rotary magnetic field; wherein 
the flux guidance regions with low magnetic resistance of the stator are located radially inwardly 
of the partially closed slots; and wherein the preset number of angular regions on the stator 
differs from the predetermined number of angular regions on the rotor by an integral multiple of 
the number of poles of the three-phase current stator winding. 

2. Reluctance motor according to claim 1 , wherein the preset number of angular regions 
on the stator differs from the predetermined number of angular regions on the rotor by the simple 
pole number. 

3 . Reluctance motor as claimed in claim 1 , wherein the flux guidance regions of different 
flux guidance properties are formed alternately by air and the ferromagnetic material of at least 
one of the stator and the rotor. 

4. Reluctance motor as claimed in claim 3, wherein the three-phase current stator 
winding has a number of slots; and wherein the number of angular regions of the stator 
corresponds to the number of slots provided in the three-phase current stator winding. 
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5. Reluctance motor as claimed in claim 1, wherein the three-phase current stater 
winding has 2 poles. 

6. Reluctance motor as claimed in claim 1, wherein the three-phase current stator 
winding has 4 poles. 

7. Reluctance motor as claimed claim 1, wherein the number of angular regions on the 
stator and on the rotor is greater than the number of poles of the three-phase current winding. 

8 . Reluctance motor as claimed in claim 1 , wherein the number of angular regions on the 
stator and on the rotor is greater than the number of poles of the three-phase current winding by 
a factor of at least 5. 

9. Reluctance motor as claimed in claim 1, wherein the flux guidance regions of the 
stator have a width which corresponds to widths of the flux guidance regions of the rotor. 

10. Reluctance motor as claimed in claim 1, wherein the stator and the rotor each have 
at least one additional layer of flux guidance region pairs with flux guidance properties which 
differ alternately in the main direction of the rotary field; and wherein the at least one additional 
layer of the stator and the rotor alternate with each other in succession. 

1 1 . Reluctance motor as claimed in claim 10, wherein the preset number of angular 
regions on the stator differs from the predetermined number of angular regions on the rotor by 
the simple pole munber. 

12. Reluctance motor as claimed in claim 1 , wherein flux guidance regions of at least one 
of the stator and the rotor are located in an immediate vicinity of return elements of the said at 
least one of the stator and the rotor, are made of ferromagnetic material and are roughly half as 
high as wide in the main direction of the rotary field. 

1 3 . Reluctance motor as claimed in claim 1 , wherein the rotor is external of the stator. 
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14. Reluctance motor as claimed in claim 1, wherein the flux guidance regions of 
different flux guidance properties are formed by permanent magnets which are located on one 
of the stator and the rotor, and which are polarized oppositely in the main direction of the rotary 
field. 

15. Reluctance motor as claimed in claim 14, wherein the preset number of angular 
regions on the stator differs from the predetermined number of angular regions on the rotor by 
the simple pole number of the three-phase current stator winding. 

16. Reluctance motor as claimed in claims 15, wherein flux guidance regions of at least 
one of the stator and the rotor are located in an immediate vicinity of return elements of the said 
at least one of the stator and the rotor, are made of ferromagnetic material and are roughly half 
as high as wide in the main direction of the rotary field. 

17. Reluctance motor as claimed in claim 1, wherein bars of a squirrel-cage damper 
winding run in recesses in the ferromagnetic material of the rotor to form flux guidance regions 
of low magnetic permeabihty. 

18. Reluctance motor as claimed in claim 1, wherein the flux guidance regions of 
ferromagnetic material are formed of stacked electric steel sheets which are insulated from one 
another. 

19. Reluctance motor as claimed in claim 1 , wherein the flux guidance regions of at least 
one of the stator and the rotor extend in a direction which is inclined relative to a direction of 
rotation of the rotor. 

20. Reluctance motor as claimed in claim 1, wherein the stator and the rotor include a 
radial air gap. 

21 . Reluctance motor as claimed in claim 1 , wherein a transducer or a resolver is located 
on the shaft. 
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22. Reluctance motor with a stator comprising a three-phase current stator winding with 
a number of poles for generating a rotary magnetic field and a rotor which is located on a shaft 
and is made primarily of a ferromagnetic material, the rotor having a predetermined number of 
angular regions of a like peripheral angular extent which adjoin one another in a circumferential 
direction of the rotor; wherein the stator has a preset number of angular regions of the same 
peripheral angular extent which adjoin one another in a circumferential direction of the stator; 
wherein each of the predetermined number of angular regions of the rotor has at least one pair 
of flux guidance regions facing the stator, the flux guidance regions having flux guidance 
properties which differ in a main direction of the rotary magnetic field; wherein each of the 
preset number of angular regions of the stator has at least one pair of flux guidance regions facing 
the rotor which have flux guidance properties which differ in the main direction of the rotary 
magnetic field; wherein the preset number of angular regions on the stator differs from the 
predetermined number of angular regions on the rotor by an integral multiple of the number of 
poles of the three-phase current stator winding; wherein a reduction rotor is provided floating on 
the shaft between the stator and rotor; wherein the reduction rotor has a predetermined number 
of angular regions of the same peripheral angle which adjoin one another in the circumferential 
direction on a surface facing the stator and each of which have a pair of flux guidance regions 
with flux guidance properties which differ in the main direction of the rotary field; and wherein 
the reduction rotor, on a surface facing the rotor, has a preset number of angular regions of the 
same angular extent which adjoin one another in the circumferential direction and each of which 
has a pair of flux guidance regions with flux guidance properties which differ in the main 
direction of the rotary field; and wherein the number of angular regions on the stator differs from 
the number of angular regions on the surface of the reduction rotor facing the stator to the same 
extent that the number of angular regions on the surface of the reduction rotor facing the rotor 
differs fi-om the number of angular regions on the rotor and is equal to an integral multiple of the 
pole number of the three-phase current stator winding. 

23 . Reluctance motor comprising a stator, which has a three-phase current stator winding 
for generating a rotary magnetic field, a shaft and a rotor which is located on the shaft and which 
is made primarily of a ferromagnetic material, said rotor having a predetermined number of 
angular regions of a like peripheral angle which adjoin one another in a circumferential direction; 
wherein the rotor has flux guidance regions and connecting elements for connection to the shaft; 
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and wherein a flux guidance rotor is provided which floats on the shaft and which is made of a 
ferromagnetic material for returning of lines offeree of the rotary field. 

24. Reluctance motor as claimed in claim 23, wherein the rotor is internal of the stator; 
wherein the rotor is in the form of a hollow cylinder; and wherein the flux guidance rotor is 
located within the hollow cylinder of the rotor and is a solid cylinder supported to float relative 
to the shaft via bearings. 

25. Reluctance motor as claimed in claim 23, wherein bars of a squirrel-cage damper 
winding run in recesses in the ferromagnetic material of the rotor to form flux guidance regions 
of low magnetic permeability. 

26. Reluctance motor as claimed in claim 23, wherein the flux guidance regions are 
formed of stacked sheets of ferromagnetic, electric steel sheets which are insulated from one 
another. 

27. Reluctance motor as claimed in claim 23, wherein the flux guidance regions extend 
in a direction which is inclined relative to a direction of rotation of the rotor. 

28. Reluctance motor as claimed in claim 23, wherein the stator and the rotor include a 
radial air gap. 

29. Reluctance motor as claimed in claim 23, wherein a transducer or a resolver is 
located on the shaft. 
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Abstract of the Disclosure 

A reluctance motor with a stator (1) which has a three-phase current stator winding for 
generating a rotary magnetic field and a rotor (3) which is located on the shaft (2) and which is 
made primarily of a ferromagnetic material. The rotor is formed of a predetermined number of 
angular regions of the same peripheral angle which adjoin one another in a circumferential 
direction and preferably have at least one pair of flux guidance regions (10, 11) facing the stator 
(1), with flux guidance properties which differ in the main direction of the rotary field. 
According to a first feature, the stator (1) has a preset number of angular regions of the same 
peripheral angle which adjoin one another in the circumferential direction, preferably having at 
least one pair of flux guidance regions (13, 14) facing the rotor (3) with flux guidance properties 
which differ in the main direction of the rotary field, and the number of angular regions (12) on 
the stator (1) differ from the number of angular regions (9) on the rotor (3) by an integral 
muhiple of the pole number, preferably the simple pole number, of the three-phase current stator 
winding. Alternatively or together with the first feature, according to a second feature, the flux 
guidance regions (10, 1 1) and connecting elements for coimection to shaft (2) of the reluctance 
motor (3) enclose a flux guidance rotor (27) which floats on shaft (2) via bearings and which is 
made of ferromagnetic material for returning of the lines of force of the rotary field. 
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German Language Declaration 



(cfi &c«/i]prudM hiwiril UJllindiicti* Prigritlljirgrtail* gtmat TiU* 3S, i US- 
Codi, M 1 8 erw. 5 3£Slb) allEr vnicn gvf g*i(Uf tm Austand«inmtldvi>e«n 
Ilk Pumie Oder (ftMfatkunim, odar S 3G5UI al«r PCT intvnitionalm 
AnmtUuftfen. wticM wangitcns sin LaAd augur dan Vtrttnigitn Sttaten «M 
Amwika binaiuMn, und M* mchstiliend dtuch mkrcuiui similicht Aiulands- 
annddungwi lOi Paiwiu kmr. Ernnilarurliyndtn ad«r PCT inlernatisnak 
AnineWuAgtn ■ngtgthtn. darai Aflflwldtrig detn ia AnmeMung, >ur wtictia 
Prnntei tuinjiiruchi iwird. varing«il(. 

Prior Fortlgn Appkitian 

(FrOhecv MulinCicha AnmgUiinfcnt 



I h«rsby cl*im foreign prwitv wdw tnla 3S, United Sttcn Code, i 119(iMill v 
i SeSlbl »» any »9/«lgn vppfcaliond) '« ptiMt or imintor's onifinlg. or { 
36S<al oi any PCT Marmtional appliCiCieii wMch d«igi»tid it faiixl OM caurtuy 
other iltifl (h« Uniltd SKiat. Hjltd bslew mi hsvt tUg idMitinid hilow. by 
ehscking l)ie boi, anr tsraign appScftioR for pnini or invmnr'i ctnlficita. or PCT 
inutnaiional ippOcirwi having t Itfing dattlwtor* iti»t ot the ^^icaTidn on whkh 
priority i< cUiniad. 

Priority Not Cl»nitd 
Prioiitit mdit bsanaprucdt 



30S£MmWBgB1987 



(QiylMonlh/Yaif FMI 
(Tag/MonattJihr dar Anmiiiftins} 



lit di» mir unt* TiUa 3S. US-Coth. i 120 /mtohmilm 
^foriailo >li«r unicn aurgiKVirlRi US-PatantanrniUungeohnv. i 365{c) ■tar PCT 
tnwnalionalui Anmaliluitoaa. w«lcht <£■ Vcrpiniotn] Stiatm van Amarfkt 
bcn«nnan, und orkenna, insolarn dor GagoiMUii ttrwi jwten frOharsn Antprueht 
dKsw PitonianfflBtdiait nictn in ainar US-PatoninwraMmf, tow. PCT 
Intemaiiofiaiaa Anmvldung in in ain«r gMnU itm eriitn Afaasu «an Titfa 35. OS- 
Code §112 vcrgtachriahincn Arl und Wibe ollinbort wrurda, maint PfScht nr 
Oltsntivurv jt^Hcimi Infarniationan s\ dla tuc Pr&runo dw Patantfiiiigkait in 
Einlclant rm Titia 37, Coda of Fcdaral Hcsulallsn). i 1 .SC von Bttang sind vnd ifia 
im Zaitraurn imschaa dam Anmeldatag dar (rOhgian PalanuninaUiing und dam 
nationaltn od«r im Rahmen daa Viitf aga iiliar dia Zunmmanirhail asl dam GabiM 
d<i Parantwawi IKT) gUlifim uiicrnatisnalen AnmaMalata hakannl gawordan 



I har^v daim iha bsnefii unite T»{a 35. IMtsd Statu Csdai f 120 sf any IMttd 
Statu applicalionU). or { 56S(i:! af any PCThianudonal appScatien dangnaling 
the United Staiei. lislEd btiow artd. insofar ai the tiitiicti mmar of aadi of iha 
claims ol thii application is not djietesad in (ha prior Unftad Suna er PCT 
InteinailBnai appfictiign In tti« nianncr pravidatt by Kia Itrtt pcrvgraph at Thia 35. 
United Sutex Coda, i 11 Z I ieknBwl<d«a tiia duty ts diadaaa infonnatign vntwd 
it material ts patiniaUlity as dafbad in Tiiia 37. Coda of Fadaral Raguhtions, i 
1.5E which btcsnia awilabia batwetn the filing data Of Iha prtcr appCcationandlba 
national or PCT Iniainational fltmB data at thit apidlcatlan. 



ich arklara biannii, da8 allt n dar vorEagendW ErUariing wn rnir getnaditen 
Anaaban nach basiam Wissan und Gawisaan dar Wahrhcil tntiprachan. und f amct 
(tag ich diesa aidassiittiicha ErMirung in Kenntnii diiian ablagt. iM wninmlcli 
und nnlulich f alKha Angaban odar darglcichan gemil f 1 001. Title ia das US- 
Codo itrafbar 3ind und nit GaMsirafa und/odar Sttto^s ba jitatt warden klnnen 
und d«( derarilgB MviricntKch «nd varjitiiicfi falidia Angaban die 
Hechii»*kxinikEit dtr vqrliag«nd«i PatentannvUnng oder flnaa aufgnm) daran 
eiltillan PeiMitas gafihrdan ktnnan. 



I hartby dKlata that ail stiiamantt made harain «f my 8« 

id bM ara baliavad to ba true: and 
further ifaat ihrsa ttatameftts vma made witti IM knowtadga that wnrui flaia 
itaiamenit and (ba Eke so nude ara puniihabia by rma or imprixanmam. or both, 
under Seaiaa 1001 of Tnla 18 ot tha United Staiat Cade and itiii tuch wilful 
falsa itatemanti may JaepardiM the vaKdity of the appfieation or any patent isaued 
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German Language Declarat' n 



VERTRETUNGSVOLM ACHT; Als benannter Erf inder baauf trags 
ich hiermit den (riiej nachstehend aufgefuhften 
PatBotsnwalt (Pstentanwaltej und/nder Vertreter mit der 
Verfo'Bung der vorliegenden Psttniafimeldung sovuie (M der 
Abwicklung aller dsmit uerbunden«n Angelegenlwiien vor dem 
US-Patent- und Markenamt: 

(NamefnJ and Registratiansnummerdtf aufiisten) 

David S. Safran, Rsg. No. 27. 997, Daniel W. Siibey, Reg. No. 
20,932. Stuart J. Frisdman, Reg- No. 24,132, Charles M. 
LBedom. Jr.. Reg. No. 26.477, GsraU J. Ferguson. Jr., Rag. No. 
23.016, Thoma* W. Cote. Reg. No. 23,016, Donald R. 
Studebaktr, Reg. No. 32.615. Jeffrey L. Costellia, Reg. No. 
35,483, Evan R. Smith, Beg. No. 35.BB3. Tim t. erackett, Reg. 
Nd. 3G,0S2, trie J. Robinjon. Reg. No. 38,285. frank P. 
Presta, Reg. No. 19.828. Joseph S. Presta. Reg. No. 35,329. 
JobertM^^ulman, Hag. No. 3 1 . 1 96, Thomas M. Blasey, Reg. 
No. 33,4757CewreTiMTrEisHi^ 
Poitanschrift; 

David S. Safran 

SIXBEY. FRIEOMAN, LEEOOM & FER6USQN 
2010 Corporate Ridge, Suite 600 
McLean. Virginia 22102 

^TBlefonische 

Ausklinf te: {Name and Tekfoanwnmer) 

David S. Safran (703J 790-31 10 



POWER OF ATTORNEY: As a named inventor, I harEby appoif^t 
the foHovmg Bttomay(s| and/or agenUs} to prosecute this 
application and transect all business in the Patent and 
Trademark Office connacted therewith: 



(Hstname and reaistration number) 

David S. Safran. Reg. No. 27, 997. Darnel W. Sixhey. Reg. No. 
20,332, Stuart J. Friedman, Reg. No. 24,132. Charles M. 
Leedora Jr., Rag. No. 26,477, Gerald J. Ferguson, Jr.. Reg. No. 
23,016, Thomas W. Cola, Rag. No. 23,016. Donald R. 
Studabaker, Reg. No. 32,815, Jeffrey L CostaHia, Reg. No. 
35,483. Evan R. Smith, Rag. No. 35,683, Tim L. Brackatt. Rag. 
No. 36,092, Eric J. Robinson, Rag. No. 38,2fl5, Frank P. 
Presta, Rag. 19,828, Joseph S. Prasia, Rag. No. 35,329, 
Robert M. Schulman, Reg. No. 31, 1 96, Thomas M. Blasey, Reg. 
No.=33,475. Lawrence O.Eisan, Reg. No. 41,009 

Send Correspandanca 

to: 

David S. Safran 

SiXBEY. FRIEDMAN. LEEOOM & FERGUSON 
2010 CorporaiB Ridge, Suite 600 
McLean, Virginia 22102 

Direct Teiaphone Calls 

to: (name and tttephofie number) 

David S. Safran (703)730-9110 



VOUEH NAM6 DES BKZICBN OD6n UHSPHOnGLICHEN ERFiNDEHS: 




STAATSANGtHOBIGKEIT 
POSTANSCHRIFT 

WonntayustritaB 36. Worms. DeutacWiod 



FULL NAME OF SOLE OB FIRST INVENTOR 

JtJBrgwi LINONEH 

DATUM 

liiesiDeNCE 

Sime at Past OWtce AMress 



POST OFFICE ADDRESS 
Wonnga»UBtfMsa 96. Wofpna. Gymi 



n !f checked, sea appsnded pagala) for additional iriventors 
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